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11.5 TURBINES

11.5a Classifications and Applications
As shown in Table 11.5, we first classify turbines according to the workingfluid (i.e., steam, gas, water, and wind). Within each working-fluid class, wecan further classify turbines according to flow-passage types. For example,hydro (water) turbines are of two general types, which are then furthersubdivided as indicated in Table 11.6 and illustrated in Fig. 11.29. In theoperation of impulse turbines, a free jet, or jets, strike the turbine wheel, alsoknown as a runner (Fig. 11.29a and Fig. 11.30), whereas in reaction turbines,
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Gas turbine engines play an important role in
transportation systems. Here are shown the
150-mile per hour JetTrain locomotive (top)
and a hydrofoil ferry (bottom). Photographs
courtesy of Bombardier Transportation (top)
and Peter Venema and International HydrofoilSociety (bottom).

FIGURE 11.29
Hydro (water) turbine types: the impulse-type turbine (a) utilizes a jet ofwater in the open air striking the buckets or blades. The double-bucketconfiguration is known as a Pelton type; in reaction turbines, (b) and (c),the fluid is enclosed. The fixed- or adjustable-vane radial inflow types (b)are called Francis turbines. Mixed radial- and axial-flow propeller types (c)may have fixed or variable blades. The variable-pitch type is also called aKaplan turbine. Sketches reprinted from Ref. [13] with permission.Photographs courtesy of General Electric Company (a), Sulzer HydroLtd. (b), and U.S. Army Corps of Engineers (c).

FIGURE 11.30
Open housing of Pelton-type turbine
shows turbine runner. This impulse
turbine converts the kinetic energy
from a water jet to shaft power. (See
Fig. 11.29a.) Photograph courtesy ofABMS Consultants, Québec.
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the fluid is entirely enclosed (Fig. 11.29b and 11.29c and 11.31). Reference[14] is a Web site devoted to small-scale hydropower and is a interestingstarting point for those desiring more information in this area.In steam and gas turbines, the working fluid is invariably contained withina casing. Small steam and gas turbines are frequently of the radial-inflow, orhelical, configuration. Figure 11.32 schematically shows a radial inflow gasturbine used in an automotive turbocharger. Larger steam and gas turbines are

FIGURE 11.31
The Grand Coulee Dam (left) is the largest concrete structure ever built in the United States. One of many radial inflow

turbine wheels installed at the dam is shown on the right. The total installed generating capability is 6809 MW and the

rated head is 330 ft. Photographs courtesy of U.S. Bureau of Reclamation.
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FIGURE 11.32
Schematic diagram of radial-flowturbine used in an automotiveturbocharger. Hot exhaust gases areaccelerated through the nozzles (1–2)before entering the radial-inflowturbine rotor (2–3). Reprinted fromRef. [15] with permission.
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FIGURE 11.33
General Electric’s 9H gas-turbineengine (480 MW) is used forstationary power generation. For asense of scale, note the personstanding on the frame. Photographcourtesy of GE Power Systems.

generally multistage, axial-flow machines. In this configuration, the generalflow path follows an axial direction, perpendicular to rows of spinning blades.Figure 1.4 in Chapter 1 shows a multistage steam turbine rotor for electricalpower generation; Fig. 11.33 shows a large gas-turbine engine, also used in apower generation application. Multistage, axial-flow gas turbines are invariablyemployed in aircraft engines. These are illustrated in the cutaway drawings ofFig. 11.34.
Windmills have been used for centuries to provide a local source of power.In the past few decades, however, wind turbines have been developed for bothsmall- and large-scale power production. Figure 11.35 shows a wind farm nearTehachapi, California. Wind turbines can be classified into two types dependingon their axis of revolution, either horizontal or vertical (Fig. 11.36). Horizontal-axis turbines dominate the current commercial market. Installed wind energycapacity in the United States in 2004 was 6700 MW, meeting approximately0.3% of the country’s total electricity demand. Although a renewable source ofenergy, wind power still poses environmental concerns such as the use of largetracts of land and the effect of wind turbines on bird populations.

FIGURE 11.34
Aircraft turbofan engine (top) has amultistage, axial-flow, high-pressureturbine and a multistage, axial-flow,low-pressure turbine. The turboshaftengine (bottom) is configuredsimilarly; however, the low-pressureturbine is not connected to thecompressor but provides power onlyto the shaft. Turboshaft engines areused in helicopters, power generation,ship propulsion, and military tanks.Drawings courtesy of Pratt andWhitney.

Fan
Low-pressure
compressor

Inlet case

Accessory
section

Turbine
blades

Turbine
exhaust

case

High-pressure
compressor

Combustion
chamber

High-pressure
turbine

Low-pressure
turbine

Power shaft
Power

turbines

Combustion chamber Centrifugal compressor

3-Stage axial compressor

Exhaust Compressor 
turbine Air inlet

0521850436c11_p861-926.qxd 20/10/05 2:47 PM Page 883 Quark01A Quark01:BOOKS:CU/CB Jobs:CB925-Turns:Chapters:Chapter-11:

11.5b Analysis

We restrict our analysis to those turbines in which the fluid is entirely contained

within flow passages defined by solid boundaries; impulse hydro turbines and

wind turbines are thus excluded. Furthermore, we consider only conservation

of mass, energy, and mechanical energy. As discussed previously, conservation

of angular momentum, although quite important to a thorough understanding of

turbomachinery, is beyond the scope of this book. In Chapter 12, we will,

however, include the conservation of linear momentum in an analysis of jet

engines.
We begin by considering the generic turbine control volume shown in

Fig. 11.37. The control surface cuts through any inlet and outlet pipes, if they

exist in a particular application, and is contiguous with the outer surface of

the turbine housing. The control volume also cuts through all shafts that

transmit power from the turbine to a compressor or external load. In addition

to the general requirement of steady-state and steady flow, we invoke the
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FIGURE 11.36

Wind turbines of the horizontal axis type (top) and the vertical axis type

(bottom). Most commercial wind turbines are of the horizontal axis type.

FIGURE 11.37

Control volume for analysis of steam

turbines, gas turbines, and reaction-

type water turbines.
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FIGURE 11.35

Wind farms at Tehachapi, California

contain more than 4600 turbines with

a total capacity of about 600 MW.
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